Abstract -A novel hybrid restoration scheme of defocused image is presented, which uses multivariate generalized additive model (MGAM) which is a nonparametric statistical regression model with no curse of dimensionality and inverse filtering (InvF). In this algorithm, firstly the five features of wavelet domain in defocused digital image, which are very stable relationship with the point spread function (PSF) parameter, are extracted by training and fitting a multivariate generalized additive model which is to estimate defocused blurred parameter. After the point spread function parameter is obtained, inverse filtering, which is needed to known the point spread function and a non-blind restoration method, is applied to complete the restoration for getting the true image. Simulated and real blurred images are experimentally illustrated to evaluate performances of the presented method. Results show that the proposed defocused image hybrid restoration technique is effective and robust.
INTRODUCTION
Shooting a real world image with a camera, at least some parts are affected by a blur and noise. Atmospheric turbulence, longer exposures, and so on can blur images, but the exact cause of blurring may be unknown. Restoration in the case of known blur, assuming the linear degradation model, is called linear image restoration and it has been presented extensively in the last three decades giving rise to a variety of solutions [1] [2] [3] . In many practical situations, however, the blur is unknown. Hence, both blur identification and image restoration must be performed from the degraded image. Restoration in the case of unknown blur is called blind image restoration [4, 5] . Existing blind restoration methods can be categorized into two main groups: (i) those which estimate the PSF a priori independent of the true image so as to use it later with one of the linear image restoration methods, such as zero sheet separation, generalized cross validation, and maximum likelihood and expectation maximization based on the ARMA image model [6, 7] , and (ii) those which estimate the PSF and the true image simultaneously, such as nonnegative sand support constraints recursive inverse filtering, maximum likelihood and conjugate gradient minimization, and simulated annealing [8, 9] . Algorithms belonging to the first class are computationally simple, but they are limited to situations in which the PSF has a special form, and the true image has certain features. The investigated defocused image restoration algorithms by using local polynomial nonparametric regression method belongs to the second class, which are computationally more complex, then it must be used for more general situations. In this paper, a kind of semi-blind image restoration algorithm is proposed in case of known the blur type (defocused blurring) with bivariate generalized nonparametric statistical regression additive model of no curse of dimensionality and good local kernel smoothing technique and classical image restoration method inverse filtering.
In general, discrete bivariate digital image model for a linear degradation caused by blurring and additive normal white noise with mean 0 can be given by the following equation 
where disk radius R is the only unknown parameter for this type of blur. Fourier methods can be used to estimate the defocus parameter R through calculating a ratio of power of high frequencies portion to that of low frequencies portion. However, a main drawback of the method is its bad noise immunity. To solve this problem, literature [11] has proposed a novel algorithm to overcome this shortcoming, the RBF neural network is applied to fit R .
This scheme has good fitting, but bad prediction. To avoid the weak generalization ability, a more efficient method for estimating parameter R is proposed in this paper. The prediction ability of these two methods is compared with the trained five images. v of image "rice" has been calculated, and then we estimate R according curve if "ic" in Fig. 2 , wrong results are obtained obviously. To solve this problem, one of the methods is to choose neural networks. Computational artificial neural networks are known to have the capability for performing complex mappings between input and output data, but neural network method has bad generalization ability. Here we propose a MGAM to estimate R by using the variables 15 v  .
II TRAINING MULTIVARIATE GENERALIZED ADDITIVE MODE
Multivariate local polynomial model is an attractive method both from theoretical and practical point of view. In this kind of multiple linear regression model, although generalizations of most of the univariate smoothing techniques to multivariate surface smoothing appear to be feasible, there is a serious problem arising: the so-called curse of dimensionality. Because of the curse of dimensionality, surface smoothing techniques are in practice not very useful when there are more than two or three predictor variables. MGAM is one of good multivariate dimensionality reduction techniques. In this Section, we briefly outline and review the idea of the extension of MGAM to the defocused parameter. 
III INVERSE FILTERING
In this section, we introduce the inverse filtering approaches to image restoration that utilize minimum mean square error as an optimization criterion. The image degradation process is often represented in terms of a matrix-vector formulation of Equation (1 
(1) (0)
where each sub-matrix () Hi is itself a circulant matrix.
Notice that each block-row of H and each row of () Hi) is a circular shift of the prior block-row or row, respectively. Classical direct approaches to solving Equation (1) 
IV SIMULATION RESULTS
The performance of the proposed image restoration algorithm based on multivariate generalized additive model and inverse filtering has been evaluated using the classical gray-scale Moon image, Coins image, Saturn image, and Cameraman image in Matlab toolbox, and one real blurred image is used for the deconvolution procedure. The results show our method is very successful for the restoration based on this kind of blurred image. In image restoration studies, the degradation modelled by blurring and additive noise is referred to in terms of the metric blurred signal-to-noise ratio (BSNR). This metric for a and inverse filtering compared with the RBF neural network algorithm (RBFNN) for defocused digital image restoration which is investigated in the literature [11] , the same defocused blurred images are used for the experiments. Mean squared prediction errors are shown in Table 1 . From generalized additive model which is a nonparametric statistical method for good high-dimensional data and inverse filtering for semi-blind restoration of blurred noisy images was proposed in this paper. Defocused digital image parameter was estimated by a multivariate generalized additive model trained in wavelet domain of the defocused noisy digital image. The main advantages of the proposed technique are that it is not only robust to noise because wavelet transform has an excellent de-noising ability, but also effective to artificially defocused and real blurred image. Defocused image restoration is successfully realized by the inverse filtering, resulting in improved the image quality. The presented algorithm was justified via simulated and practical image. Defocused image parameter can be successfully estimated by using trained model with a hybrid restoration method by using multivariate generalized nonparametric statistical additive regression model and inverse filtering. Simulated and real defocused digital image restoration results show the proposed algorithm is reliable, effective, and robust for defocused blurred noisy image restoration. Future works can be done in many fields include super resolution reconstruction, digital image interpolation, non-uniform noise, and so on. Moreover, it can be extended to other fields such as information hiding and digital covert communications.
